Myotonic dystrophy is an autosomal dominant disorder characterised by myotonia and a predominantly distal distribution of muscular wasting. Mytonia, manifest by slow relaxation of muscle after contraction, is clinically most obvious in relaxation of the grasp, and tends to improve with exercise. Abnormalities of the cardiac conduction system, eyes, testes and central nervous system are found in some patients.'
SUMMARY Abnormal calcium transport may be implicated in the membrane defect in myotonic dystrophy. A single blind crossover trial of placebo (t.i.d.), nifedipine 10mg (t.i.d.) and nifedipine 20 mg (t.i.d.), was performed in 10 patients with myotonic dystrophy. The severity of myotonia was assessed by measuring finger extension time after maximum voluntary finger flexion. A significant improvement in myotonia, after nifedipine, was recorded by this technique and supported by a subjective improvement in 50% of patients and clinical improvement of greater than 20% in five patients. Initial grip strength and muscle fatiguability measured by grip strength ergometry were not significantly altered.
Myotonic dystrophy is an autosomal dominant disorder characterised by myotonia and a predominantly distal distribution of muscular wasting. Mytonia, manifest by slow relaxation of muscle after contraction, is clinically most obvious in relaxation of the grasp, and tends to improve with exercise. Abnormalities of the cardiac conduction system, eyes, testes and central nervous system are found in some patients.'
There is no satisfactory animal model for myotonic dystrophy. In patients with this disorder, chloride conductance of muscle membrane is not significantly altered but resting muscle membrane potential is reduced. 23 Abnormalities of erythrocyte and lymphocyte membrane are also described suggesting a widespread cell membrane defect. 4 5 Treatment of myotonia has been directed at "stabilising" the muscle membrane. In 1939, Harvey recorded an improvement in myotonia in patients treated with quinine.6 Since then procainamide,7 corticosteroids8 and phenytoin,9 have also been found to be beneficial in some cases. A small trial revealed that 56% of cases with myotonia improved on phenytoin and a similar percentage on procainamide; however, phenytoin produced fewer side treatment. In an uncontrolled trial, the calcium channel blocker, verapamil lessened myotonia in five cases resistant to phenytoin. Verapamil may worsen cardiac conduction abnormalities and is not recommended in patients with myotonic dystrophy of whom 40% have first degree heart block, over 30% have interventricular conduction defects,'3 both of which may progress to complete heart block. '4 The calcium channel blocker, nifedipine, does not affect cardiac conduction in man, and side effects are minor and relatively infrequent.'5 A single blind crossover trial of placebo, nifedipine 1Omg and nifedipine 20mg was performed in patients with myotonic dystrophy to assess the effect on the myotonia, muscle power and muscle fatigue.
Methods
Finger Extension Dynamometer This consisted of a simple goniometer with battery powered potentiometer, which was mechanically coupled, via a miniature universal joint to a lightweight copper tube 150 mm long. A Velcro strap to fix the finger was connected to the end of the copper tube via another miniature universal joint. The finger/tube arrangement therefore had freedom of movement in any plane. The potentiometer shaft was only rotated by finger extension and flexion but not by lateral movements. The displacement trace of relaxation and contraction was measured by connecting the potentiometer output to a modified chart recorder. The mechanical rotation of the potentiometer was limited to 290°+ 100 (effective rotation 2650 ± 15°).
Grip Strength Ergometer Grip strength was recorded by a strain gauge ergometer. This comprised of a handgrip, bonded strain gauge, a strain gauge amplifier and a single 199 200 chart recorder. The strain gauge was bonded on a 3 mm thick steel bar measuring 11Om x 15 mm. The bar was mounted on a handgrip such that hand pressure on the grip caused distortion of the steel bar and the strain gauge. Calibration of the grip strength dynamometer demonstrated that 4-2 Kg of force at the midpoint of the steel bar produced 1 cm deflection on the chart recorder. There was a linear relationship between force and chart deflection in cm., over the range used. The maximum distortion was adjustable by a screw/nut combination. The foil strain gauge (Showa) had a resting resistance of 119-7 ohm, which formed a variable arm of a conventional bridge circuit powered from a low voltage source. During muscle contraction therefore an unbalanced voltage, obtained across the bridge was amplified by a low noise instrumentation amplifier circuit. The power for the amplifier was derived from the main frame of the chart recorder via a DC/DC converter. This voltage powered anbther circuit consisting of an oscillator driving a piezo-electric sounder to give a I Hz metronome. The metronome prompted the subject to give regular maximum voluntary contractions of the handgrip each second. Chart recorder The chart recorder used was a single channel ink jet ECG recorder (Mingo 14) modified to bypass its input stages (that is, ECG amplifier). The output from the strain gauge amplifier was AC coupled to the driver stage of the ink jet galvonometer. The time constant was very high, approximately 100 seconds, to produce a DC response. Technique Before each procedure the chart recorder was calibrated and the test demonstrated to the subject by the examiner. After resting for 10-15 minutes at a room temperature of 22°C + 1°C subjects were comfortably seated at .,,,' XT VA Grant, Sutton, Behan, Ballantyne a table and speed of finger flexion and extension was tested first using the finger extension dynamometer (fig 1) . The subject's hand was placed in a supine position and the Velcro finger strap, with recorder arm attached, was tightly placed around the distal phalanx of the index finger. A second Velcro strap was placed across the palmar aspect of the hand and forearm lightly restrained against the table to prevent forearm pronation and wrist extension. It was emphasised that the important movements were speed of finger flexion and extension when requested and that the forearm should not be pronated. The patient was asked to flex his fingers fully for 2 seconds and then to extend the fingers as quickly as possible. After full extension for 2 seconds, a similar command was repeated. Ten such cycles were recorded and chart recorder speed maintained at 10mm/s. Both hands were tested. This active finger extension has been referred to by other authors as "Finger relaxation".9 16 17 Finger extension time ("Relaxation Time") after maximum voluntary contraction was measured. This method provides a low resistance method which produces an accurate recording of clinical myotonia.
Grip strength was then assessed, using the ergometer, by asking the subject to squeeze the moulded handgrip as tightly as possible every second ( fig 2) . The piezo-electric metronome prompted the subject at second intervals and the handgrip was fully released between auditory cues. Each hand was tested for 60 maximal contractions and encouragement given after each 10 second period.
In individual patients, recordings of myotonia and grip strength were measured at the same time of day and at the same time after drug administration. Subjects Control values were obtained from 20 age and sex group.bmj.com on April 7, 2017 -Published by http://jnnp.bmj.com/ Downloaded from matched normal volunteers (10 males, 10 females) without clinical evidence of neurological or joint disease. Finger extension time, initial grip strength and muscle fatigue after exercise were measured. Ages ranged from 18-65 years. The mean age for males was 40 6 years and 35-2 years for females.
Ten patients (six male, four female) with myotonic dystrophy were studied, aged from 28 to 64 years, mean 40 4 years. Diagnosis was established by accepted clinical criteria2 and by electromyographic characteristics.'8 The range of severity of clinical myotonia and dystrophy varied but, in the past, all had taken phenytoin for myotonia without symptomatic relief. Prior to inclusion in the trial all patients had full clinical neurological examination and electrocardiograph.
Four patients had first degree heart block and two had evidence of an interventricular conduction defect. Finger extension time after maximum voluntary contraction, initial grip strength and muscle fatigue after I minute of exercise were measured, in each patient, at the onset of the trial and after each treatment period of either placebo, one tablet three times per day for 2 weeks; nifedipine 10mg three times per day for 2 weeks or nifedipine 20 mg three times per day for 2 weeks. As a precautionary measure, patients were randomised to either placebo or nifedipine 10 mg. As no serious side effects occurred at the lower dosage, the patients were then given nifedipine 20mg. This was a single blind crossover trial during which no drugs were taken. Erect and supine blood pressures and ECGs were recorded after each 2 week period of medication. Drug compliance was assessed by counting the number of tablets returned at the end of each treatment period.
The trial was performed with the informed and written consent of the patients and the approval of the Ethics Committee of the Institute of Neurological Sciences, Glasgow.
Analysis
Characteristically the myotonia in myotonic dystrophy improves with exercise. However, the initial finger extension after maximum voluntary contraction may not be accompanied by the most prolonged myotonia. In order to overcome this variability the mean value of the first five extension times was measured (m ET) (fig 3) . In the majority of patients myotonia was not marked after the fifth repetition. When testing initial grip strength the mean of the first 10 consecutive recordings was taken to represent initial maximal voluntary contraction (m VC i) (fig 4) . Grant, Sutton, Behan, Ballantyne The duration of the myotonia may vary depending on previous work load, time of day, temperature and force of initial contraction. The assessment of myotonia is difficult and various methods have been used including timing the relaxation with a stopwatch,17 measuring EMG after discharges following maximal voluntary contraction,"6 intra-arterial potassium infusions to detect changes in myotonia,2' and muscle relaxation time after maximum voluntary contraction using an isometric hand dynamometer. 22 In this study finger extension time from the release of a maximum voluntary flexion contraction to full finger extension was measured as we are more concerned with clinical rather than the electrophysiological assessment of myotonia.
Muscle relaxation rate is determined by metabolic and other factors such as rate of crossbridge cycling and free energy available for calcium reuptake by the sarcoplasmic reticulum. Wiles and Edwards consider that relaxation rate may be an index of the capacity of muscle to liberate energy23 and this has been used for measuring rate of energy turnover.24 It has been suggested that only part of clinical myotonia is accounted for by the electrical after-discharge, and there may also be a defect in relaxation of crossbridge linkage.25 Calcium uptake is influenced by the Ca2 + dependent ATPase which is present in high concentrations in the membrane of the sarcoplasmic reticulum.26 Patchy abnormalities in the sarcoplasmic reticulum in myotonic dystrophy are early electron microscopic features and ultrastructural evidence suggests that intracellular tubular changes antedate degeneration of myofibrils.27 High concentrations of Ca2 + have been found in red blood cells and skeletal muscle in myotonic dystrophy.' If there were an abnormality in the calcium dependent ATPase, or in the membrane phospholipids, which are necessary for the optimum activity of the calcium dependent ATPase, free calcium may then accumulate in the muscle cell. Increased intracellular calcium may be toxic to mitochondria by activating membrane bound phospholipases which could cause further breakdown of the muscle membrane or by activating neutral proteases in the myoplasm would cause breakdown of muscle fibres.28 The characteristic damage attributed to calcium activated proteases is selective loss of the Z line material on electron microscopy and this is an early finding in myotonic dystrophy and had also been demonstrated after prolonged muscular contraction in normal muscle. 29 More recently calcium has been found to stimulate prostaglandin production which might activate lysosomal proteases or release free radicals which cause damage by autooxidation. 30 Since nifedipine blocks calcium channels in the surface membrane of skeletal muscle this may reduce group.bmj.com on April 7, 2017 -Published by http://jnnp.bmj.com/ Downloaded from Nifedipine in the treatment of myotonia in myotonic dystrophy intracellular calcium and obviate the above postu- 31 32 lated harmful consequences.
In this study, 50% of patients reported a subjective improvement in myotonia after nifedipine and five patients showed a greater than 20% improvement on testing, supporting the findings of Cook et al2 that calcium channel blockers are of value in myotonia. No obvious effects on grip strength or muscle fatigue were apparent after the short treatment course of 2 weeks. The longterm effects have yet to be studied. Interestingly in animal models, calcium entry blockers have been found to be of some benefit in retarding dystrophic symptoms expressed in chickens and cats.33 34 However, a trial of nifedipine in Duchenne muscular dystrophy found it to be safe but to have no significant effect. 35 Muscle fatigue was not greater in patients with myotonic dystrophy than in normal controls. Whether calcium channel blockers will lead to an arrest of the associated dystrophy is as yet undetermined although the response to these drugs in other forms of muscular dystrophy is not encouraging.
